Multiplex real-time PCR assays for detection of four seedborne spinach pathogens.
To develop multiplex TaqMan real-time PCR assays for detection of spinach seedborne pathogens that cause economically important diseases on spinach. Primers and probes were designed from conserved sequences of the internal transcribed spacer (for Peronospora farinosa f. sp. spinaciae and Stemphylium botryosum), the intergenic spacer (for Verticillium dahliae) and the elongation factor 1 alpha (for Cladosporium variabile) regions of DNA. The TaqMan assays were tested on DNA extracted from numerous isolates of the four target pathogens, as well as a wide range of nontarget, related fungi or oomycetes and numerous saprophytes commonly found on spinach seed. Multiplex real-time PCR assays were evaluated by detecting two or three target pathogens simultaneously. Singular and multiplex real-time PCR assays were also applied to DNA extracted from bulked seed and single spinach seed. The real-time PCR assays were species-specific and sensitive. Singular or multiplex real-time PCR assays could detect target pathogens from both bulked seed samples as well as single spinach seed. The freeze-blotter assay that is currently routinely used in the spinach seed industry to detect and quantify three fungal seedborne pathogens of spinach (C. variabile, S. botryosum and V. dahliae) is quite laborious and takes several weeks to process. The real-time PCR assays developed in this study are more sensitive and can be completed in a single day. As the assays can be applied easily for routine seed inspections, these tools could be very useful to the spinach seed industry.